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SUMMARY 



Pressure-distribution tests of an N.A.C.A, 0009 air- 
foil with an 80-percent -chord plain flap and three plain 
tabs, having chords of 10,' 20, and 30 percent of the flap 
chord, we're made in t-he N.A.C.A. 4- by 6-foot vertical 
tunnel . Section data suitable for appl icat ion to the de- 
sign of horizontal and vertical tail surfaces were ob- 
tained. 

Resultant-pressure diagrams for the airfoil with the 
flap and the "20-pefcent-chord tab are presented. Plots 
are als 6 given of increments of normal -force and hinge- 
moment coef f icient s for the airfoil , the flap , and the" 
three t abs . ' A comparison of some char act er ist ic s lopes 
for the- 30-, th.e 50-, and the 80-percent-chOrd flaps, 
tes t ed in the general invos t igat i on of plain flaps for 
cont rol surfaces , is included . Secti on aerodynamic an<T 
load data have been made available for a wide range of 
flap and tab chords to be used on an N.A.C.A. 0009 air- 
'foil or on other conventional sections. 



INTRODUCTION 



The Nat' i onal Advi s ory Committee for Aeronauti cs has 
conducted investigations of plain flaps and- trailing-edge 
tabs on airfoils of different profiles and with finite 
spans . The re-suits' 'of some of these invest igati ons are 
reported in .references .1, 2, and 3. No available data ap 
plicable to t ail-sur face design give the aerodynamic sec- 
tion characteristics jjf a thin airfoil as affected by 
flaps and tabs of different sizes. In order to provide 
this ini'ormat ion , an invest igat ion was started of an 
N.A.C.A.- 0009 airfoil having flaps and tabs of various 
chords. The results of -the tests of a 50-porce.nt-chord 
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flap and throe tabs are reported in reference 4 and of a 
30-percent~chord flap with three tabs, in. reference 5. 
The present report gives the results of pressure-distri- 
bution tests on the N.A.C.A. 0009 airfoil with an 80- 
percent- chord plain flap and three 'tabs having chords 
10 , 20 , and 30 percent of the flap chord, From the data 
obtained, normal-force and pi t ching-moraen t coefficients 
were calculated for the airf^yil section complete with the 
flap and the various tabs • In add it ion, normal -force and 
hinge-*noment coefficients were calculated for the flap 
with the different tabs and for the tabs alone. 



APPARATUS 



The tests were conducted. in the N.A.C.A. 4- by 6- 
foot vertical wind tunnel (reference 6) with modifica- 
tions as . shown in figure 1 and de scribed in reference 5. 
The 3- by 4-foot model was made of mahogany, shaped to 
the N.A.C.A. 0009 profile. It was e quipped with plain 
flap having a chord 80 percent of the airfoil chord and 
three serially hinged plain tabs having chords 10, 20, 
and 30 percent of the flap chord, as shown in figure 2. 
The nose radii of the flap and the tabs were approxi- 
mately one-half- the airfoil thickness at the hinge axes . 
All gaps at. the flap and the tab hinges were sealod with 
plasticine and" cellulose tape to prevent air leakage dur- 
ing the tests . A s ingle row of pressure or if ices was 
located at the airf o il midspan , as shown in figure 3. 

Because the nod el completely spanned the test sec- 
tion, two-dimensional flow was approximated. The airfoil 
was attached to the balance frame by t or que tubes , which 
were extended through the sides of the tunnel and were 
rotated by a calibrated electric drive outside the tunnel 
in order to set the angle of attack* Plap and tab de- 
flections were set by varying the position of lever a_rms 
on the model. The pressure orifices were connected by 
rubber tubing to a photographically recording multiplo^- 
tube manometer located out s ide the tunnel . 



TESTS 



The tests were made at an effective Reynolds Number 
of 3,410,000. (Ef fe.ct ive, Reynolds Number = tunne.1 t Reynolda 
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Number x turbulence factor . The turbulence factor for 
the 4- by 6-foot vertical tunnel is 1.93.) The average 
dynamic pressure was 10 • 8 pounds per s quare foot, corre- 
sponding to an air speed of about - 65 miles per hour at 
s tandard sea- level c ondit i ons , The range of ■ angle s of . 
attack from -14-1/2° to 10-1/2° was investigated at in- 
tervals of 5°. At each angle of attack, the airfoil was 
tested with the flap deflected 0°, 5°, 10°, 20°, and 30° 
down. Tests were made throughout the entire angle-6f- 
attack ra^ge for each flap deflection with tab deflections 
of 0°, ±10°, ±20°, and ±30° for each of the tab sizes. 



RESULTS 
Presentation of Data 



The results of the distribution of pressures are 
given in the form of resultant-pressure and resultant- 
pres sure^increment diagrams , which represent changes in 
resultant-pressure distribution caused by a change in 
angle of any one part or any combination of the component 
par t s of the air foil . The resultant normal pressure at 
any point along the chord lines of the airfoil was deter- 
mined by taking the algebraic difference of the pressures 
normal to the surfaces of the airf o il at that point . All 
diagrams of resultant pressure or resultant-pressure in- 
crements of the airfoil, flap, and tab combination are 
plotted as pressure coefficients P or as AP, where 
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and 



p static pressure at a point on the airfoil. 
p 0 static pressure in free air stream. 
<1 dynamic pressure of free air stream. 



Resultant-pressure diagrams are given in figure 4 
for the basic section (i.e., with flap and tab neutral). 
The result ant -pressure diagram for any othe r „ cond it i on 
may be obtained by adding (to the basic diagram) the 
re suit ant -pressure increment for the particular condi- 
tion. The resultant-pressure-inpremen t diagrams are given 
in figures 5 to 9 . 
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Because the large quantity of data prohibited the 
inclusion of all the resultant-pressure-increment dia- 
grams for all tab sizes, only the diagrams fo_r ta"b deflec- 
tions of 0°and ±30° for the 0.20c f tab, which was consid- 
ered, to be an average size, are presented. Values of 
angle of attack were selected to represent (l) an un~ 
stalled negativeangle of attack, a = -9-1/2°; (2) a low 
angle of attack, a = l/2°; and (3) an unstalled high an- 
gle of attack, a = 5-l/2"°. These values of angle of at- 
tack were also selected to make the data in this report 
comparable with the results presented in references 4 and 
5. 

Frevi ous tests have indicated that the increment s of 
pressure distribution and the increments of section aero- 
dynamic coefficients due to flap deflection are independ- 
ent of the basic section;' it is therefore believed that, 
for structural-design purposes, the data heroin presented 
may be applied to other basic sections- of conventional 
shape and the same thickness. 

The sect ion charac teris t ic s of the airfoil, the flap, 
and the tab, as functions of flap and tab deflection, are 
also plotted as increments, which were obtained by deduct- 
ing the basio section coefficients from those for the sec- 
tion with the tab, the flap, or the combination deflected. 
The characteristics were obtained in each case by mechani- 
cal integration of the original plotted pressure diagrams. 

Computations were made to determine the section coef- 
ficients, which are defined as follows: 

airfoil section normal -force coefficient. 

airfoil section pit ch ing-momen t coeffi- 
cient about the one-fifth-chord point 
(0.20c point) of the airfoil. 

flap section normal-force coefficient . 
flap section- hinge-moment coefficient . 



tab section norm'al-f orce' coefficient. 



tab sec't idh hinge -moment coefficient . 



c *c/ 5 

Cn f 
° h f 
°n t 



_ _n_ 
qc 

- S 



q.0" 5 
qc f 
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where the forces and moments per unit span are: 

n normal, force of airfoil section.- 

m pitching moment of airfoil section about the 
one-fifth-chord point, of the airfoil. 

nf normal force of flap s ecti on . 

hf hinge moment of flap section. 

n-fc normal force of.ibab section. 

ht hinge moment of tab section. 

and c chord of "basic airfoil with flap and tab neutral. 

c'jf flap chord. • . . 

c^ tab chord. 

a angle., of attack. 

6 deflection of flap or tab. 

The subscript f refers to the flap with the tab; 
and the subscript t, to the tab alone. 

The integrated coefficients for the basic airfoil 
are plotted against angle of attack in figure 10. The, 
increments for various tab and flap deflections are pre- 
sented in figures 11 tp 19*. 

Precision 

As mentioned in reference 5, no a-ir-f low-alinement 
tests hav,e been made in this tunnel hut all angles of at- 
tack have been corrected for a misalinement of l/2° that 
appeared tp be' present in the air flow. 'The absolute flap 
and tab deflections were correct to within ±2°. The rela- 
tive angles of attack, however, were set to within ±0.1°, 
and the relative flap and tab deflections to within ±1.0©. 
Over most of the airfoil, plotted pressures were accurate 
to within ±2 percent but, at the peaks, the accuracy was 
less at high angles of attack. The dynamic-pressure read- 
ings were correct tp within ±1 percent. 

Inasmuch as two-dimensional flow was approximated, 
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the integrated results may "be considered as section char- 
acteristics ♦ Corrections for tunnel -wall interference 
effects were made only to the values of airfoil normal- 
force coefficient c n . The corrections for flap and tab 
coefficients are not definitely known, "but the uncorrect- 
ed values are probably conservative for purposes of 
stress analysis. 



DISCUSSION 
Pres sure Dist ribut ion 

The effects of the 0.20c f tab and the 0,80c flap de- 
flections on the distribution of re suit ant -pres sure in- 
crements over the main airfoil are shown in figure 4 to 
9. These diagrams should be useful for application to 
the structural design of horizontal and vertical tail sur- 
faces having plain flaps and tabs with very small or 
sealed gaps • As the same basic section was used in these 
tests as was used in the tests reported in references 4 
and 5, the bas ic distribution (fig. 4) is the same as was 
previ ously obtained. 

Because the distribution curves in figures 4 to 9 
were plotted from data uncorrected for tunnel effects , 
the distributions represented in these curves will bo 
high or conservative when used for structural purposes . 
It likewise should be remembered that sealed -gaps were 
used and c onsequently high peak pressures were obtained 
at the flap and the tab hinge axes . 

The incremental distributions resulting from the de- 
flection of the 0.20cf tab (fig. 5) show that the highest 
peak pressures occur at the tab hinge axis. Similarly, 
wh-en t-he flap is deflected (figs. 6 to 9) , the peak values 
of the pressure increment s on, the flap occur at the flap 
hinge axis. 

When the tab and the flap are s imult an e ously d ©fleet- 
ed in the same direction, the peak values of the load 
increments occur at both hinge axes , and the resultant 
pressures act in the same dir oc ti on. If the t ab and the 
flap are deflected at the same time in opposit e directions, 
the peak values of the pres sure increments occur at both 
hinge axes but the resultant pressures act in- oppos i t e 
directions (figs. 6 to 9). 



H.JUQ -A , *£eq&&taa3. Note. Ho. 761 



7 



Comparison with the r e suit ant-press ure-1 nc rem en t 
diagrams in references 4 and 5 shows that ■ the shapes of 
the curves in the -.different invest i gat ions are similar 
although the greatest loads were, of course, obtained 
with the largest flap. As shown in reference 5, certain 
' irregular it ies occurred in' the curves over the first 3 
percent of the chord f roifc the airfoil nose, These irreg- 
ular humps may he caused, by laminar separation resulting 
from s eve re advers e pressure gradients • 

Aerodynamic Section Characteristics 

Airf o il characteristics , - The has ic airfoil section 
gave results (fig. 10) that "are in agreement vjith the 
data for the "basic sections in references 4 and 5 . The 
slope of the -normal-force curve Bc n /3a is 0.095, which 
agrees vith the slopes obtained in references 4, 5, and 
.7. A slight discrepancy ,i? noticeable in the data plot- 
'ted in figure 10, in that .the c n and the c m c / 5 curves 

f 6r the airfoil do not pass through zero at 6° angle of 
attack. This shift of the curves was probably caused by 
ft ode 1 imperfections and 't ab misalinemen t , The airfoil 
section increment coefficients of normal force and pitch- 
ing moment are plotted in figures 11, 14, and 17. The 
maximum value of Ac^. was 2.40 at a = -14-1/2° with 
both the flap and the 0.30cf tab deflected 30° (fig. 17(a)). 
Deflecting the tab to -30° resulted in a value of Ac n 
of .1.16. The change in Ac n with the tab reversed was 
1.24, or about 52 percent of the increment with both- the 
flap and the tab deflected in the same direction. Com- 
parisons with references 4 and 5 of changes* in the maxi- 
mum values of Ac n caused by reversing the tab def lec- 
tion showed that, for- the 0.50c flap, the difference was 
42 percent and, for the 0.30c flap, 39 percent. 

The s t all of the f lap , as shown by the data, gener- 
ally occured at a deflection of about 20° for low angles 
of attack and at about 5° for the high angles of attack. 
These po int s are indicated by the breaks , or change in 
slope, of the c n and the c m curves. No test were 

C/5 

made of the 0*30c f tab deflected 30° with a = 10-1/2° 

because of the stalled and very unsteady flow over the 
model • 

The pit ching-m omen t coef f ic ient s of the airfoil are 
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given about the 0.20 c point becaus e it was the location 
of the flap hinge axis* The results for the basic air- . 
foil section (fig. 10) gave a linear variation of Ac nc / 5 
with angle of- attack. The values of- Ac mc ^ 5 also 

varied linearly with within. the 'unstalled flap range. 
The .effectiveness of the tabs in reducing Acm c / 5 de- 
creased as the tab deflection was increased positively 
or negat ively fron zero . 

Flap and tab characteristics . - The fiap section in- 
crement coefficients, A0 nf - an <i &°hf t varied nearly 

linearly with flap deflection throughout the unstalled 
range. It was noted that the 0.80c flap was rather effec- 
tive, in that small deflections produced large changes 
in the' flap section coefficient increments. In general, 
the tab deflections shifted Ac nf and Ac hf parallel to 

them 6 elves , and the rate of change of the increments with 
the tab deflection decreased as the tab deflections in- 
creased positively or negatively from the neutral position. 
The O.lOcf tab deflected -30° was ineffective in reducing 

Achj. This characteristic is in agreement with the re- 
sults reported in references 1, 2, and 5.' As stated in 
the discussion of the airfoil characteristics, the flap 
stalled at a- deflection of about 20° for low angles of 
attack and between 5° and 10° for high angles of attack. 
At the low angles of attack, the upward deflections of 
the tabs showed a tendency to delay the flap stall at 
flap deflections of 20° or 30°. 

The incr erne nts of tab section normal -force and hinge - 
moment coefficients tended to vary linearly with tab de- 
flection until the tab stalled. (See figs. 13, 16, and 
19.) Deflection of the flap caus ed greater increment s of 
Ac nf , and Ac^^ when the tab was deflected in the same 

direction as the flap than when the tab was deflected in 
the opposite direction. As observed in references 4 and 
5, the -30° deflection of the 0.10c f and the 0.20c f 'tabs 
frequently gave unsteady or irregular increment coeffi- 
cients. 

Comparison of the Throe Sizes of Plain Flap 

As a comparison of the general characteristics and 
as a summary , s ojne average, slopes obtained from the ex- 
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pe rim en tally determined section characteristics of the 
N.A.C.A. 0009 airfoil with the 0,30c, the 0.50c, and the 
0,80c flaps having tahs are given in the following ta"ble. 
(All slopes are for infinite aspect rati o . ) 
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CONCLUDING REMARKS 



With the present at i on of data on an 80 -percent-chord 
f lap , the inves t i gat ion of section aerodynamic and load 
characteristics of an N.A.C.A, 0009 airfoil with a wide 
range of sizes of flaps and tabs is completed. The data 
supplied should "be appl i cable to the design of any plain 
flap and tab combination that is likely to be used for 
horizontal or vertical tail surfaces. The incremental 
data presented are believed to be applicable to other con- 
ventional airfoils of approximately the same shape and 
thickness. 

In the application of the data, it must be remembered 
that the results herein contained are for hinged surfaces 
with completely sealed gaps and that only the values of 
airfoil normal -force coefficient are corrected for tunnel 
effects. Although the other coefficients are uncorrected, 
they are believed to be conservative for application in 
stress analysis . 



Langley Mem or ial Aeronaut ical Labor at ory , 

National Ad vis ory Commit tee for Aeronaut ics , 
Langley Field, Va. , April 4, 1940. 
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Figs. 1,2,3 
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Figure 1.- Model mounted in 4-by 6-foot rertioal tunnel. 
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Figure 2.- The N.A.C.A. 0009 pressure-rdistribution model with 0.80o plain flap 
and O.lOcf, 0.20cf , and O.30of tabs. 
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Figure 3.- ChordwiBe locations of pressure orifices on the N.A.C.A. 
0009 airfoil in peroent chord. 
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Figure 4.- Distribution of resultant 
pressure over the N.A.C.A. 
0009 airfoil at various angles of 
attack. Flap and tab neutral. 



<=3L 



-2 
4 



0 
AP 



\- 








J 


1 

a /so 








\ 










7a 





























^\ 




- 














— - 




— 












































leg 














— 




- "J 


0 - 
0 






































- / 


r- 








r 

\ 

\ 











































































V 




















































































u 










- s 




























> 


































^Z. — 


>■/- 
















\ *~ 
\ 




t 





















O 20 40 60 80 fOO 
Percent chord 



Figure 5.- Increments of resultant 

pressures for various 
angles of attack and various 
deflections of a 0.20cf tab on a 
0.80c plain flap deflected 0°. 
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Figs. 6,7 























JO 










































0 

JO 












































l- 




















l 

J 






















\ 

X- 




















\ 










































\ 


























V 

L ^ 
















V 




















- c£« -9'/,° - 




i — 


















A 



















> 






























































































































































































































































































































n 






















\ 




















I 






















l\ 




















i\ 






















1 \ 
I X 


s J 


















V 


•v / 


s. 


















\^ 




























— 




— . 








: 










— i 




— — 






> 


















V 






















i 












































































































































































t— 






















K 










































u 




















V 


















> 








































V 






















f 





BO 



80 



40 SO 
Percent chord 

Figure 6.- Increments of resultant 

pressures for various 

angles of attack and various 

deflections of a 0.20cf tab on a 

0.80c plain flap deflected 5°. 
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Figure 7.- Increments of resultant 

pressures for various 
angles of attack and various 
deflections of a 0.20cf tab on a 
0.80c plain flap deflected 10°. 
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Figs. 8,9 
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Figure 8.- Increments of resultant 

pressures for various 
angle 8 of attack and various 
deflections of a 0.20cf tab on a 
0.80c plain flap deflected 20°. 



20 



80 



40 60 
Percent chord 

Figure 9.- Increments of resultant 

pressures for various 
angles of attack and various 
deflections of a 0.20cf tab on a 
0.80c plain flap deflected 30°. 
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Fig. 11 




Flap deflection^ 6 f , deg 

(a) a = -14 1/2° (b) a = -9 1/2° (c) a = -4 1/2° (d) a = 1/2° (e) a = 5 1/2° (f) a = 10 1/2° 
Figure 11, a to f.- Increments of airfoil section normal-force and pitching-moment coefficients 
for various deflections of an 0.80o plain flap and a O.lOof tab. 
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